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Open access under the ElsLeishmania spp are protozoans capable of carbohydrates degradation and as energy source they can
use glucose, aminoacids or lipids from the environment. The products of the metabolic pathways such
as organic acids may be used as an index of their energetic metabolic proﬁle. Therefore, in this study
a metabolic proﬁle comparison was made between promastigotes from one reference strain (MHOM/
BR/1975/M2903) and two different isolates of Leishmania (Viannia) braziliensis (MHOM/BR/2003/IMG3
and MHOM/BR/2005/RPL5). The parasites culture was performed in complete Grace’s culture media
seeded in 24-well plates at 26 C. During the growth curve performance samples were collected from
the logarithmic and stationary phases of culture and therefore analyzed by high performance liquid
chromatography (HPLC) and spectrophotometry assays to determine the concentrations of glucose,
lactate, citrate, a-ketoglutarate, succinate, fumarate, malate, oxaloacetate and b-hydroxybutirate
which are indicative of the energetic pathways. It was possible to detect an increase in the glucose
from the stationary phase from the M2903 strain when compared to the logarithmic phase while
in the IMG3 and RPL5 isolates there was a decrease (p < 0.05). The spectrophotometric and chromato-
graphic results indicated that the logarithmic phase which presents higher energy consumption due
to the intense replication rate have the energetic pathways intensiﬁed. It was also possible to note
some metabolic differences between the analyzed parasites which may indicate possible adaptations
of the parasite when facing different environmental and physiological conditions during its life cycle
and that these differences may help in the understanding of the diversity of the host-parasite rela-
tionship from Leishmania parasites.
 2011 Elsevier Inc. Open access under the Elsevier OA license.1. Introduction
Leishmania spp are protozoans capable of degrading carbohy-
drates through the glycolitic pathway and its ﬁrst reactions occur
inside the glycosome, an unique organelle from the Kinetoplastida
order (Tielens and van Hellemond, 2009). These parasites use glu-
cose and amino acids such as glutamine and proline as an energetic
source to ATP production as in aerobic as in anaerobic pathways.
Such substrates are sources of intermediary metabolic products
that are requisite to other biosynthetic reactions (Mazareb et al.,
1999; Saunders et al., 2010). These parasites can also use lipids
from the culture median as energy sources and as an overall the
products of the metabolism such as organic acids may act as in-
dexes of their metabolic proﬁles and may indicate differences inHost Parasite Relationship
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evier OA license.the host-parasite relationship. These biochemical pathways are
essential to the parasite’s survival and the quantiﬁcation of the
E/S (excreted/secreted) metabolites may be used to characterize
differences among isolates as well as to demonstrate the physio-
pathologic development of each isolate (Singha et al., 1996).
Oliveira et al. (2010) reported the infectivity differences between
two recent isolates of Leishmania (Viannia) braziliensis as to lesion
growth in mice determining that in spite of belonging to the same
species, isolates may behave differently when inside the mamma-
lian hosts.
The biochemical analysis of Leishmania promastigotes cultured
in vitro has demonstrated that this parasite presents a similar
metabolism than the one observed inside the vector where ami-
noacids and glucose are used as energy sources. These substrates
are involved in the glycolytic pathway, in the mitochondrial
metabolism and in the electron transport chain reactions (Opper-
does and Coombs, 2007). Glucose is the main energy source of
most stages of Leishmania inside vertebrate hosts. However inside
the insect vectors the parasite prefers aminoacids such as proline
and not glucose to energy production nevertheless the glycolytic
pathway is always active (Tielens and van Hellemond, 1998). In
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from the aerobic metabolism (van Hellemond et al., 1997). In vitro
studies demonstrate the production of CO2, succinate, acetate,
pyruvate, lactate and alanine as E/S products from different iso-
lates and species of Leishmania (Singha et al., 1996; Darling
et al., 1987; Gupta et al., 1999). However there are few reports
of comparative studies of the metabolism from strains and iso-
lates from Leishmania species, which may indicate why they
interact so differently within the hosts (Bringaud et al., 2006;
Zauli-Nascimento et al., 2010). As to other aspects of the parasite
we could ﬁnd some descriptions such as the one from Oliveira
et al. (2010) who reported the different behavior from two L.
(V.) braziliensis isolates inoculated into C57BL/6 mice as to time
course of lesion development in which one of the isolates was
much more aggressive and developed a larger lesion in less time.
These data presented a different pattern from the WHO reference
L. (V.) braziliensis strain (MHOM/BR/1975/M2903) (Souza-Neto
et al., 2004).
In this study an energetic metabolism comparison was made
between axenic promastigotes of two recent obtained L. (V.) brazili-
ensis isolates (MHOM/BR/2003/IMG3 and MHOM/BR/2005/RPL5)
and the reference strain MHOM/BR/1975/M2903 L. (V.) braziliensis
aiming the investigation of differences in the metabolism of these
parasites.Fig. 1. In vitro growth of promastigotes from M2903 strain, IMG3 and RPL5 isolates
of Leishmania (V.) braziliensis.  p < 0.05 (ANOVA).2. Material and methods
2.1. L. (V.) braziliensis maintenance
L. (V.) brazilisensis (MHOM/BR/2003/IMG3 and MHOM/BR/2005/
RPL5) promastigotes, refereed here as IMG3 and RPL5, were iso-
lated, identiﬁed and provided by the Leishmaniasis Immunobiolog-
ic Bank of the Brazilian Mid-West region in the Tropical Pathology
and Public Health Institute, Federal University of Goias (Oliveira
et al., 2010) and the reference strain MHOM/BR/1975/M2903, ref-
ereed here as M2903 were used in this study. These promastigotes
were cultured in Grace’s liquid medium (Grace’s Insect Medium –
Gibco) supplemented with 20% of sterile and inactivated fetal
bovine serum, 2 mM of L-glutamine, 100 U/ml of penicillin and
100 U/ml of streptomycin in 24-well microplates at 26 C incuba-
tor. The growth of the parasite was accompanied during 8 days
starting with 5  105 parasites/ml. Samples from logarithmic (3rd
day) and initial stationary (6th day) phases were collected for
biochemical analysis through spectrophotometry and chromatog-
raphy techniques. A sample containing the culture medium
without parasites was analyzed as control. Every analysis was
performed in quintuplicate.
2.2. Spectrophotometric analysis
The samples collected in logarithmic and initial stationary
phases were analyzed through enzymatic spectrophometric meth-
ods using a Konelab 60i (Wiener) equipment and the glucose con-
centrations were dosed: glucose (Wiener, absorbance reading at
560 nm).
2.3. Chromatographic analysis
The organic acids excreted/secreted (E/S) into the culture
medium by the parasites were extracted and analyzed according
to methodology described by Vinaud et al. (2007, 2008). The
organic acids analyzed were referring to the glycolitic and
energetic metabolism such as lactate, citrate, a-ketoglutarate,
pyruvate, succinate, fumarate, malate, oxaloacetate and b-
hydroxibutyrate.2.4. Statistical analysis
Data were presented as media ± standard deviation of the quin-
tuplicate repetitions. The statistical analysiswas performed through
the SigmaStat 3.2 (Microsoft Corp.) using theANOVA/Tukey test and
the statistical difference was considered when p < 0.05.3. Results
The growth of L. (V.) braziliensis promastigotes from the M2903
strain and the IMG3 and RPL5 isolates were monitored in culture
media during 8 days. It was possible to observe that the promastig-
otes from the M2903 strain presented a signiﬁcantly higher con-
centration of parasites from the 3rd day of culture than the ones
from the isolates (Fig. 1). No statistical difference was observed
in parasites from the other days of culture.
The spectrophometric analysis showed that the glucose concen-
trations was increased in the stationary phase of the M2903 strain
when compared to the concentrations detected in the logarithmic
phase from the same strain (p < 0.05). On the contrary, in IMG3 and
RPL5 isolates cultures it was possible to observe a decrease in the
glucose concentrations in the logarithmic and stationary phases
(p < 0.05) (Table 1).
Through the chromatographic analysis was possible to detect
the following organic acids: lactate, citrate, a-ketoglutarate, succi-
nate, fumarate, malate and oxaloacetate. These organic acids were
detected in the logarithmic as well as in the stationary phase from
M2903, IMG3 and RPL5 parasites. It was possible to observe that
the E/S of citrate was signiﬁcantly higher in the stationary phase
than in the logarithmic one of the parasites from the IMG3 isolate
(p < 0.05) but in parasites from the M2903 strain and RPL5 isolate
there was no signiﬁcant difference between the E/S of citrate dur-
ing the in vitro analysis (Figs. 2–4).
The E/S of oxaloacetate was higher in the stationary phase than
in logarithmic one of the IMG3 isolate (p < 0.05) while there was no
statistical difference in the concentrations from the M2903 strain
(Table 1). In the RPL5 isolate it was not possible to detect the E/S
of oxaloacetate. As to the E/S of fumarate from the logarithmic
phase of the parasites it was possible to detect that its E/S from
the M2903 strain was signiﬁcantly higher than both isolates
(p < 0.05) and there was no difference between both of them (Table
1, Figs. 2–4).
When comparing the two isolates and the strain, it was possible
to detect that the E/S of lactate was higher in the logarithmic phase
of M2903 strain and IMG3 isolate when compared to the concen-
trations detected from the RPL5 isolate (p < 0.05). As to the E/S of
malate in the logarithmic phase of the M2903 strain was higher
than the concentrations detected from both isolates (p < 0.05)
(Figs. 2–4).
Table 1
Concentrations of glucose and organic acids secreted/excreted by in vitro promastigotes of Leishmania (V.) braziliensis, M2903 strain, IMG3 and RPL5 isolates. Values expressed in
mean ± standard deviation.
M2903 logarithmic M2903 stationary IMG3 logarithmic IMG3 stationary RPL5 logarithmic RPL5 stationary
Glucose (g/dL) 80.2 ± 16.5a 138 ± 34.8b 51.8 ± 5.7a 25.8 ± 1.9b 58 ± 1.7a 47.6 ± 2.5
Citrate (mM/L) 13.7 ± 0.7 14.2 ± 4.3 6.1 ± 3.9a 15.2 ± 2.4 13.7 ± 5.3 17.7 ± 1.1
a-Ketoglutarate (mM/L) 12.5 ± 0.6b 10.9 ± 5.9 4.9 ± 1.3b 8.5 ± 4.1 3.0 ± 0.3b 3.3 ± 0.3
Oxaloacetate (mM/L) 2.4 ± 0.4 5.0 ± 2.8c 2.8 ± 1.2a 11.5 ± 5.2c ND ND
Malate (mM/L) 1567.8 ± 48.6b 1679.1 ± 278.2c 585.7 ± 235.9b 847.4 ± 76.8 170.8 ± 10.6a,b 203.1 ± 2.3a,c
Succinate (mM/L) 29.4 ± 1.9 56 ± 21.4 37.7 ± 23.8 46.3 ± 8.4 33.9 ± 1.6a 57.8 ± 5.9
Lactate (mM/L) 42.1 ± 1.8b 43.2 ± 1.2c 24.8 ± 13.1b 32.8 ± 3.2 1.4 ± 0.1b 1.6 ± 0.1c
b-Hydroxibutyrate (mM/L) 1.1 ± 0.3 1.4 ± 0.5c 2.1 ± 1.5 3.3 ± 0.4c ND ND
Fumarate (mM/L) 13.9 ± 0.7b 12.8 ± 2.7 7.2 ± 2.1a,b 10.3 ± 1.2 8.5 ± 1.0b 10.3 ± 0.3
ND – non-detected.
a Statistical difference between logarithmic and stationary phases, comparison within the strain or isolate (p < 0.05; ANOVA).
b Statistical difference between logarithmic phases of strain and isolates (p < 0.05; ANOVA).
c Statistical difference between stationary phases of strain and isolates (p < 0.05; ANOVA).
Fig. 2. Chromatogram of organic acids of the M2903 strain. (A) Logarithmic phase of culture. (B) Stationary phase of culture (HPLC, 0.6 mL/min ﬂow, HsSO4 liquid phase,
reverse phase column).
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phase of the M2903 strain than the concentrations detected in
the same phase of both isolates (p < 0.05). Meanwhile there was
no statistical difference between the E/S of b-hydroxibutyrate and
succinate from the strain nor the isolates (Table 1) (Figs. 2–4).
It was not possible to detect pyruvate in the analyzed samples.4. Discussion
This study compared the glycolitic and energetic metabolism of
one strain and two isolates of L. (V.) braziliensis as to determine a
metabolic proﬁle of axenic promastigote forms.The culture growth of the parasites is in accordance to the
descriptions by Souza-Neto et al. (2004) and Oliveira et al. (2010).
As to the glucose concentrations, it was possible to observe that
the stationary phase of the M2903 isolate presented higher
concentrations than the logarithmic phase and the culture media.
While in the IMG3andRPL5 isolates therewas a consumptionof glu-
cose when comparing the concentrations from the ﬁrst phase to the
second one. During the periods of parasitary multiplication, glucose
is catabolized through the glycolitic pathway inside the glycosome
(Tielens and van Hellemond, 2009), while the excess of hexoses
may be exported to the cytoplasm and catabolized into mannogen
(Saunders et al., 2010). The mannogens are synthesized by some
monoxenic parasites such as Crithidia spp. and Herpetomonas spp.
Fig. 3. Chromatogram of organic acids of the IMG3 isolate. (A) Logarithmic phase of culture. (B) Stationary phase of culture (HPLC, 0.6 mL/min ﬂow, HsSO4 liquid phase,
reverse phase column).
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be extracellularly accumulated during the stationary phase of
growth (Ralton et al., 2003). The increase in the glucose concentra-
tions in the M2903 strain may be due to catabolization of sucrose
from the culturemedia andmaybe related to the low infectivity rate
of this strain when inoculated intomice. Ralton et al. (2003) reports
thatmannan oligosaccharides in Leishmaniamexicana are expressed
in higher levels in pathogenic developmental stages. They also re-
port that these intracellular oligosaccharides are required for differ-
entiation and may protect the parasite against starvation.
Data referring to the glucose concentrations from the IMG3 and
RPL5 isolates are in accordance to the literature as reported by
Darling et al. (1987) who detected a decrease in glucose concentra-
tions and an increase in D-lactate concentrations in L. braziliensis.
The lactate production by L. braziliensis promastigotes may oc-
cur via the methylglyoxal pathway as it is a detoxiﬁcation mecha-
nism due to the damage effects of methylglyoxal which is formed
as a product of glycolysis (Saunders et al., 2010; Bringaud et al.,
2006). The logarithmic phase is a reproductive one which requires
a high energy production and consumption and this may explain
the increase in lactate concentrations as it is an ATP source. Also
in a glucose rich medium the oxidative phosphorilation is dispens-
able to the parasite’s growth (Greig et al., 2009). Greig et al. (2009)
reported that Leishmania major presents a greater activity of the
D-lactic dehydrogenase through the methylglyoxal pathway and
produces D-lactate as an end product. Lactate is also a product of
glucose catabolism in anaerobic conditions (Darling et al., 1987;
Lehninger et al., 2007) which demonstrates that this parasite
may catabolize glucose in aerobic as well as in anaerobic
conditions.Organic acids are products of glycolysis which occurs inside the
glycosome and pyruvate is the end product of the glycolytic path-
way which may be imported into the mitochondrion and con-
verted into acetyl-CoA by the pyruvate dehydrogenase complex.
Acetyl-CoA is then incorporated into the tricarboxylic acid cycle
(TCA) and acts as a substrate to the citrate synthase into the reac-
tion to form citrate which may be used or in the amino acids catab-
olism or in the lipid biosynthesis or it may be excreted as acetate
(Saunders et al., 2010; Bringaud et al., 2006). Citrate and malate
are used in the transference of the acetyl group from the mitochon-
drion matrix into the formation of cytosolic acetyl-CoA which is
used in the synthesis of oxaloacetate and malate, however trypan-
osomatids do not use this citrate/malate excretion pathway to lip-
ids synthesis (Bringaud et al., 2010) which may explain the high
malate concentrations described in this study. Also it is important
to highlight that Leishmania promastigotes present three malate
synthesis pathways: the glycosomal, cytosolic and mitochondrial
malate dehydrogenases (Saunders et al., 2010; Bringaud et al.,
2006) which also explains the concentrations of malate detected
in our analysis.
a-ketoglutarate and fumarate are requisite to several amino
acids biosynthesis such as glutamine, arginine and proline
(Lehninger et al., 2007). Coustou et al. (2006) reported that in
Trypanosoma brucei fumarate, even in low concentrations, acts as
an electron acceptor and is involved in the ATP production through
the oxidative phosphorilation. Therefore it is an essential
metabolite in parasite’s growth inside the vector. In this study
the M2903 strain presented higher concentrations of fumarate in
the logarithmic phase than the same phase of the IMG3 and RPL5
isolates which may indicate higher electron transportation and
Fig. 4. Chromatogram of organic acids of the RPL5 isolate. (A) Logarithmic phase of culture. (B) Stationary phase of culture (HPLC, 0.6 mL/min ﬂow, HsSO4 liquid phase,
reverse phase column).
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ble to observe that the concentrations of the organic acids which
are exclusively intra-mitochondrial are higher in the M2903 strain
than in the IMG3 and RPL5 isolates which may indicate a greater
activity of the TCA in the ﬁrst one.
Succinate was the organic acid which presented the second
higher concentrations detected in our analysis which were higher
in samples from the stationary phase than in the logarithmic one
from both isolates, however there was not a signiﬁcative difference
between them. Darling et al. (1987) and Gupta et al. (1999) using
nuclear magnetic ressonance veriﬁed that succinate was the major
end product from glycolysis in L. braziliensis and in Leishmania
donovani, respectively. Succinate results from glycosomal and
mitochondrial pathways, the ﬁrst one occurs due to the presence
of glycosomal NADH-dependent fumarate reductase and the sec-
ond one due to the mitochondrial NADH-dependent fumarate
reductase (Bringaud et al., 2006). However van Hellemond and
Tielens (1997) reported that in Leishmania infantum promastigotes
succinate is produced mainly by the oxidative pathway through
succinate dehydrogenase (complex II of the respiratory chain)
and not by the fumarate reduction reaction. It may also be synthe-
sized through the import of phosphoenolpyruvate into the glyco-
some where it is fermented into succinate (Saunders et al., 2010)
and therefore will represent the major glycosomal end product.
The concentrations of b-hydroxibutyrate detected in the all the
samples indicate a consumption of acetyl-Coa and acetate which
are requisites to the lipid biosynthesis (Saunders et al., 2010;
Bringaud et al., 2006). Coustou et al. (2008) reported that in
T. brucei b-hydroxybutirate is considered a product from theacetyl-CoA metabolism in which L-proline, derived from acetyl-
CoA, is preferentially converted into b-hydroxybutirate and acetate
through the TCA.
Oliveira et al. (2010) reported the biological difference of in vivo
cultures of the IMG3 and RPL5 isolates such as: lesion sizes in sus-
ceptible and resistant mice, showing that the RPL5 isolate is more
aggressive than the IMG3 one. These behavioral differences may
reﬂect the biochemical disparities found between the isolates
and reﬂects the adaptation of the parasites to different hosts and
environments.
Therefore it is important to evaluate the biochemical differ-
ences between Leishmania spp isolates such as greater activity of
the TCA or glycosomal pathways as they are important survival
pathways and may be used as site of action of new anti-leishmania
drugs. Biochemical changes in their metabolism may indicate pos-
sible adaptations of the parasite into different environmental or
physiological conditions during their life cycle and these differ-
ences may be used to species identiﬁcation as well as to establish
metabolic differences in the host–parasite relationship.Acknowledgments
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